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Abstract: A2B2O7 system compounds, which usually present three phase structures mainly based on
the ionic radius ratios of rA and rB (rA/rB), have been studied for potential applications in many fields,
such as thermal barrier coatings, luminescence powders, fast-ion conductors, photocatalysts, and
matrices for immobilization of highly active radionuclides. Since 2005, La2Hf2O7 was fabricated into
transparent ceramics and much more attentions were paid on A2B2O7 transparent ceramics for new
applications. In this review, the development of A2B2O7 system transparent ceramics was described.
The structure characteristics, powder synthesis method, and sintering techniques of the final A2B2O7
transparent ceramics were summarized. After that, the mostly reported A2Hf2O7, A2Zr2O7, and
A2Ti2O7 system transparent ceramics were systematically introduced. The potential application fields
and future development trends were also discussed, focusing on scintillators, optical elements, and
other luminescent materials.
Keywords: A2B2O7 system transparent ceramics; powder synthesis; sintering; potential applications

1

Introduction 

Since the 1950s, the first translucent Al2O3 was reported
[1], and many transparent ceramics were developed,
including oxide/non-oxide transparent ceramics, such
as MgO [2], Y2O3 [3], CaO [4], BeO [5], ZrO2 [6],
MgAl2O4 [7], LiAl5O8 [8], Gd2O3 [9], Lu2O3 [10,11],
Y3Al5O12 [12,13], PLZT (Pb1–xLax(ZryTiz)O3) [14],
(Y,Gd)2O3:Eu [15,16], Gd2O2S:Pr [17,18], Gd3Ga5O12:
Cr,Ce [19], and CaF2 [20], MgF2 [21], SrF2 [22], BaF2
[23], AlN [24], AlON [25,26], SiAlON [27], ZnS [28],
* Corresponding authors.
E-mail: Z. Wang, wzhj926@mail.sic.ac.cn;
G. Zhou, sic_zhough@mail.sic.ac.cn;
S. Wang, swwang51@mail.sic.ac.cn

ZnSe [29], CdTe [30], etc. They have been used or
have potential applications in many fields, such as high
pressure sodium lamp, ceramic metal halide lamp,
filament of LED, high refractive index camera lens,
bulletproof windows, or missile radome. Some of them
possess opto-functional properties after doping with
rare earth elements and can be used as laser media and
scintillator in X-CT or PET.
A2B2O7 system materials have been studied as early
as in the 1960s [31], but they were used as thermal barrier
coatings [32], luminescence powders [33,34], fast-ion
conductors [35,36], photocatalysts [37], matrices for
immobilization of highly active radionuclides [38–40],
and so on, while the study on A2B2O7 system transparent
ceramics was kicked off in the 2000s. Their mainly
potential applications are scintillator hosts as most of
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them have high density and effective atomic number,
which would gain higher X-ray or γ-ray stopping
power. Then, many transparent ceramics with the
composition of A2B2O7 were fabricated in recent years,
such as La2Hf2O7 [41,42], La2–xGdxHf2O7 [43,44],
La2Zr2O7 [45], Nd2Zr2O7 [46], La2–xGdxZr2O7 [47,48],
La2–xLuxZr2O7 [49], and Lu2Ti2O7 [50]. Also, rare earth
ion doped A2B2O7 system transparent ceramics [42,51–
54] were fabricated to study their luminescent properties.
In this review, the structure characteristics, powder
synthesis and ceramic sintering method, and potential
applications of A2B2O7 system transparent ceramics
were systematically introduced. Finally, the development
trends were described.

2

Fig. 1 Crystal structures of pyrochlore and defective fluorite:
(a) one-eighth of unit cell of pyrochlore structure; (b)
defective fluorite structure; (c) coordination structure of
A3+ and B4+ in pyrochlore. Reproduced with permission from
Ref. [56], © University of Chinese Academy of Sciences 2015.

Structure characteristics

The crystal structure of A2B2O7 compounds depends
on ionic radius ratio of rA and rB (rA/rB), temperature,
and pressure. The most commonly seen structures are
cubic pyrochlore and defective fluorite phases, and
sometimes monoclinic phase exists. In general, rA/rB is
the most important factor. According to Subramanian
et al. [55], pyrochlore structure steadily exists when
rA/rB = 1.46–1.78, where A and B ions are distributed
in order. Anion-deficient fluorite is the stable structure
when rA/rB < 1.46, and the arrangement of A and B
ions is disordered, while the monoclinic structure is
stable when rA/rB > 1.78.
Figure 1 shows the crystal structure diagram of
pyrochlore and defective fluorite [56]. Ideal pyrochlore
structure is a super structure derivative of the simple
fluorite structure (AO2), where A and B cations are
ordered along the <110> direction and one-eighth of
the oxygen ions are absent. It can be written as
A2B2O6O and belongs to the space group Fd 3 m (Z =
8). The A, B, O, O ions occupy 16c, 16d, 48f, and 8b
four crystalline sites, respectively. The unoccupied 8a
site corresponds to the oxygen vacancy. As the oxygen
vacancy resides in the tetrahedral interstitial site
between adjacent B-site cations which reduces the
coordination number of B cation from 8 to 6, while the
coordination number of A cation is still 8 [40,57–59].
The defective fluorite structure exhibits the Fm 3 m
(Z = 1) space group, and the arrangement of the cations
and the distribution of the oxygen vacancies become
disordered. In XRD patterns, the existence of diffraction
peaks corresponding to (331) and (511) reflections is

always considered as a characteristic of the pyrochlore
structure, which is a mark to be used to distinguish
pyrochlore from defective fluorite structure. However,
these characteristic peaks are intrinsically of low
intensity [33].

3

Synthesis methods of A2B2O7 powders

To date, the reported A2B2O7 system transparent
ceramics mainly include the compounds with A = La,
Gd, Yb, Lu, Y, and B = Hf, Zr, Ti, Sn [60]. Most of the
studies were in experimental stage, and focused on
powder synthesis and ceramic sintering. There are many
methods that have been used to synthesize A2B2O7
powders, like the solid state method, hydrothermal
process and solvothermal synthesis, molten salt synthesis,
co-precipitation method, sol–gel process (including the
stearic acid method and Pechini method), and combustion
method. The progress of powder synthesis of A2B2O7
system transparent ceramics is summarized in this part.
3. 1

Solid state method

Solid state method is a conventional method for
preparation of oxide powders; it is simple and
applicable for many compounds including simple and
complex compounds.
In 2006, a series of compositions with the general
formula RE2Hf2O7 (RE = Dy, Ho, Er, Tm, Lu, Y) were
prepared by a standard solid state route and characterized
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by powder XRD and Raman spectroscopy [61]. AR
grade RE2O3 (RE = La, Nd, Sm, Dy, Ho, Er, Tm, Lu, Y)
and HfO2 were first heated at 900 ℃ overnight to
remove moisture and other volatile impurities. Then
stoichiometric amounts of the reactants were weighed
and mixed to get the compositions corresponding to
RE2Hf2O7. And the mixtures were subjected to a
three-step heating protocol (1200 ℃ 36 h–1300 ℃
36 h1400 ℃ 48 h) as followed with intermittent
grindings. Subsequently, one more heat treatment at
1700 ℃ for 6 h was given to each sample to
investigate the existence of pyrochlore structure. The
Raman and XRD results showed that RE2Hf2O7 (RE =
La, Nd, Sm) crystallized in fully ordered pyrochlore
phase, while RE2Hf2O7 (RE = Ho, Er, Tm, Lu, Y) were
unequivocally defect-fluorites. In the case of Dy2Hf2O7,
there was competition between defect-fluorite and
pyrochlore lattices. This conventional solid state synthesis
method involves many cycles of grinding of the
component oxides and heating at high temperatures,
and usually yields inhomogeneous complex oxides.
Thus, some researchers developed a mechano-chemical
synthesis method, which was a modified solid state
reaction method, and usually long time ball milling
was required to obtain single phase compounds. In
2005, A2(Ti(1−y)Zry)2O7 (A = Gd3+, Y3+) powders with
pyrochlore structure were obtained by this mechanochemical synthesis method [62]. Stoichiometric mixtures
of the constituent oxides were milled in a planetary
ball mill with a speed of 350 rpm. XRD results showed
that chemical changes occurred in the powder mixtures
after milling for 19 h, and single phase solid solutions
were obtained. The powders were examined by SEM
and found that they were basically consisted of submicronsized agglomerates and aggregates of nanoparticles. As
this method did not require post calcination process, it
was relatively simpler than the traditional solid state
reaction and the powders obtained were much finer. In
2006, Gd2(Sn1–yZry)2O7 solid solutions with pyrochlore
structure were also synthesized by this method [63].
XRD patterns showed the milled samples were similar
to that of an anion deficient fluorite or to that of highly
disordered pyrochlore but with weak superstructure
reflections. All the samples became pyrochlore structure
when calcined at 1450 ℃. That is to say, to obtain
powders with high crystallinity, high temperature
calcination is still required.
As solid state method usually needs long synthesis
time and higher temperature, and the synthesized

powders have wide particle size distribution and large
particle size with low sintering activity, researchers
have moved to wet chemical synthesis routes in order
to prepare pure and homogeneous A2B2O7 powders. In
this case, powders at submicron or even nanometer
scales can be obtained with significantly improved
sintering activity.
3. 2

Hydrothermal method and solvothermal
synthesis

Hydrothermal synthesis has been used to produce
ceramic nanopowders with high crystallinity, high
chemical homogeneity, and more stoichiometric. To
date, Ln2Sn2O7 (Ln = La, Y, Lu, Gd) nanocrystals [64]
and Y2Zr2O7:Tb3+ powders [65] were prepared by this
method. Take Y2Sn2O7:Yb3+ as an example to illustrate
the detailed hydrothermal synthesis procedure. First,
yttrium nitrate salt was dissolved in distilled water to
form 0.1 mmol/L solution. Then certain amount of
Yb(NO3)3 was added into the above solution under
magnetic stirring condition. Keep the stirring for
several minutes until the solution turned to uniformity,
then 0.1 mmol/L sodium stannate was added into the
solution and white precipitate was formed. The above
solution was transferred into a Teflon-lined stainless
steel autoclave and heated at 180 ℃ for 18 h, and
naturally cooled to room temperature. The product was
collected by centrifugation, washed with distilled water
and alcohol for several times, and dried at 60 ℃ for
24 h in air. XRD patterns showed that all the obtained
powders had cubic pyrochlore structure.
Also, solvothermal synthesis of Y2Ti2O7:Eu3+ sphere
powders was reported by Pavitra et al. [66] in 2013.
Organic solvent (2-propanol) was chosen as the solvent
instead of water. Yttrium nitrate, titanium isopropoxide,
and europium nitrate were the raw materials. The specific
synthesis process was similar to the hydrothermal method.
The above experiments showed that hydrothermal
method and solvothermal synthesis are energy
conservative methods to obtain A2B2O7 powders with
pure phase composition at low temperature. Besides,
the phase composition, particle size, and morphology,
etc., can be controlled by adjusting the precursor
concentration, reaction temperature and pressure,
holding time, and additives.
3. 3

Molten salt synthesis method

The molten salt synthesis (MSS) is intrinsic simple,
versatile, and cost-effective. It can be used to prepare
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chemically purified, single phase powders at lower
temperature and often in overall shorter reaction time
with little residual impurities as compared with
conventional solid state reactions. Thus, it was attractive
by many researchers to prepare a wide range of complex
oxide nanocrystals [67]. Usually, one salt (e.g., NaCl)
or a eutectic mixture of salts (e.g., NaCl/KCl; NaNO3/
KNO3) is chosen as the molten salt medium. In 2009,
Mao et al. [68] prepared nanocrystals with A2B2O7
(A = La, Er, or their mixture; B = Zr, Hf, or their mixture)
composition by this method. First, a single-source
complex precursor A(OH)3·BO(OH)2·nH2O was prepared
via co-precipitation of A(NO3)3 and BO(NO3)2/BOCl2
in a dilute ammonia solution at room temperature. The
precursor complex was then purified by filtration and
washing with water. After being air-dried for 24 h, the
complex precursor was mixed with nitrate mixture
(NaNO3:KNO3 = 1:1). The mixture was transferred
into a covered nickel crucible and heated to 650 ℃ at
10 ℃/min and then isothermally annealed at 650 ℃
for 6 h. After being cooled to room temperature, the
resulting product was centrifuged and purified with
deionized water several times. After drying, A2B2O7
nanocrystals were obtained.
In this method, the precursor molecules disperse,
dissociate, rearrange, and then diffuse rapidly throughout
the salt medium at high temperature. The desired oxide
phase is formed through an initial nucleation step
followed by a growth process. Thus, relatively
homogeneous powders can be obtained.
3. 4

Co-precipitation method

Co-precipitation method is a simple, inexpensive, and
quick way to synthesize various oxide powders.
Usually, chloride, nitrate, or oxychloride, etc., were
used as the initial reactants, and ammonia, ammonium
bicarbonate, or oxalate were used as the precipitant.
Typically, precipitates are prepared and then the target
oxide products are obtained by a subsequent calcination
process. In previous works, Ln2Ti2O7 (Ln = Lu, Gd, Yb,
Tm) [69,70], (LaxGd1−x)2Zr2O7 [71], (NdxGd1–x)2Zr2O7
[72], Y2Hf2O7 [73], and Gd2Hf2O7:Ce [74] powders
were prepared by co-precipitation method. The
morphology of the ceramic powders can be modified
by adding surfactant [73]. Zhou et al. [73] prepared
Y2Hf2O7 powders by oxalate co-precipitation method,
and different shapes such as platelet, rod, and spherical
shape were obtained by controlling the concentration
of the surfactant PEG6000 (Fig. 2).

Fig. 2
Y2Hf2O7 powders prepared with different
concentrations of surfactant: (a) 0%, (b) 0.6%, (c) 1.2%,
(d) 1.5%, and calcined at 800 ℃ for 2 h. Reproduced
with permission from Ref. [73], © Elsevier B.V. 2009.

Though various morphologies can be obtained by
co-precipitation method, agglomeration is inevitably
observed in powders synthesized by this method,
which is harmful for the sintering of transparent
ceramics.
3. 5

Sol–gel method

The sol–gel method offers considerable advantages of
good mixing of the starting materials and excellent
chemical homogeneity and phase purity of the
synthesized powders. The molecular level mixing and
the tendency of partially hydrolyzed species to form
extended networks facilitate the structure evolution
thereby lowering the crystallization temperature. Thus,
it makes the preparation of particular phases possible at
ambient and gentle conditions. Usually, organic solvent
and stabilizer, such as acetylacetone, 2-methoxyethanol,
and methanol, are used. A subsequent calcination
process is also necessary to obtain the target powders.
La2Zr2O7 and La1.96Eu0.04Zr2O7 [75], Er3+-doped
La2Ti2O7 [76], and Eu3+/Y2Ti2O7 [77] powders were
also examples synthesized by sol–gel method.
Stearic acid method (SAM) was a modified sol–gel
method, in which stearic acid was used as solvent and
dispersant. In 2008, cubic fluorite type Y2Zr2O7
nanocrystal was synthesized by SAM using zirconium
nitrate and yttrium nitrate as raw materials [78].
Pechini method was also a kind of sol–gel method. In
2010, undoped and Pr-doped La2Hf2O7 nanopowders
were synthesized by Pechini reaction method [34], and
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pure cubic pyrochlore structure of La2Hf2O7 was
formed at 1000 ℃.
Comparatively, sol–gel method is too complex as it
involves too many processes and is time-consuming
[75]. Then, relatively simple experimental processes
were developed; for instance, the combustion method.
3. 6

Fig. 3 Typical SEM images of powders synthesized by
combustion method: (a) the as-burnt LaGdZr2O7 powders
calcined at 800 ℃; (b) LaGdZr2O7 powders ball-milled
for 20 h. Reproduced with permission from Ref. [47], ©
Elsevier Ltd. 2012.

Combustion method

Combustion method is a simple and rapid method and
is widely used to synthesize A2B2O7 powders. The
major advantages of the combustion process are:
improvement in processing time, energy saving, and
the high sintering activity of the combustion products.
In this method, nitrate is the common raw material, and
carbohydrazide [79], urea [79–81], glycine [41,80,82,
83], and ethylene diamine tetraacetic acid (EDTA) [41]
or two of them are used as fuels. So far, Ln2Zr2O7
(Ln = La, Ce, Pr, Nd, Sm, Gd, and Dy) [79], La2Zr2O7
[81,82], Y2Zr2O7 [83], Nd2Zr2O7 [46], La2–xGdxZr2O7
[47,48,54], LaLuZr2O7 [84], LaYZr2O7 [85], La2Hf2O7
[41,51,52], Y2Hf2O7 [86,87], Lu2Hf2O7 [80], and
La2–xGdxHf2O7 [44] powders were synthesized by
combustion method. The surface area, density, and
morphology of the prepared powders are different
when using different fuels [41,79,80]. It was attributed
to the nature of the fuels that controls the energetics/
exothermicity of the combustion reaction [79]. In Liao
et al.’s work [80], the effects of the fuel types and molar
ratios of glycine-to-nitrate on the crystallinity and
properties of Y2Hf2O7 were investigated. It showed
that the crystallite size increased with the value of f/o
(fuel/oxidizer ratio) becoming close to stoichiometric
ratio, resulting in the largest crystallite size at the
stoichiometric ratio. The type of fuels can also affect
the crystallinity and size of Y2Hf2O7 powders. The
crystallite size of the powders increases in the order of
glycine, urea, and the mixed fuels. The sample produced
by the mixed of fuels method has more uniform size
distribution, less agglomeration for the change of the
reducing power of the fuel and the chelating effect of
EDTA, which was added as a complexant.
Powders synthesized by combustion method have
the similar morphology with porous network structure
and are severely agglomerated (shown in Fig. 3(a))
[47]. The porous network structures may be originated
from the release of gases, such as CO2, N2, and H2O
during the combustion process. The subsequent ball
milling process can remove the agglomeration and
destroy the porous network structure (Fig. 3(b)). This

is helpful for the densification process when the
powders are sintered to transparent ceramics.
In a word, A2B2O7 powders were obtained by many
synthesis methods mentioned above. Some of the
methods are complex because of the addition of many
organics. Combustion method is simple and rapid; it
has been widely used to synthesize A2B2O7 powders.

4

Sintering methods of A2B2O7 transparent
ceramics

The reported sintering methods for A2B2O7 transparent
ceramics included vacuum sintering, spark plasma
sintering (SPS), hot isostatic pressing (HIP) sintering,
and low-temperature high-pressure (LTHP) sintering.
4. 1

Vacuum sintering

Vacuum sintering [88] refers to a sintering process
carried out in a vacuum equipment to achieve better
results than those run at atmospheric pressure. Vacuum
sintering is typically used to fabricate oxide transparent
ceramics, like garnet [12], Y2O3 [3], Lu2O3 [10], and so
on. The sintering temperature carried out is relatively
high and usually 200 ℃ below the melting point of
the ceramic body, while the vacuum sintering furnace
is relatively cheap and the operation is simple. Also, no
pressure is needed.
Most of the reported A2B2O7 transparent ceramics
were fabricated by vacuum sintering without any
atmosphere. For example, Y2Hf2O7 transparent ceramic
[86] was fabricated by vacuum sintering. First, the cold
isostatic pressed (CIPed) green body was pre-sintered
at 1200 ℃ for 2 h to remove the residual organics
originated from the forming process (compacting
process). Then, the samples were vacuum sintered at
1800–1950 ℃ for 6 h with a vacuum degree of 10–3 Pa.
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This method was also carried out to prepare transparent
ceramics such as Y2Zr2O7 [83], La2–xGdxZr2O7 [47,48,
56], Eu3+:La2–xGdxZr2O7 [53], La2–xLuxZr2O7 [49,84],
LaYZr2O7 [85], Y2Hf2O7 [87], La2–xYxHf2O7 [90],
La2–xGdxHf2O7 [43,44], and Eu3+:La0.8Gd1.2Hf2O7 [54].
Some of the A2B2O7 transparent ceramics were
fabricated by vacuum sintering in hydrogen or helium.
La2Hf2O7 [41], Gd2Hf2O7 [89], La2Hf2O7:Tb [51],
La2Hf2O7:Ti [52], and Nd2Zr2O7 [46] transparent ceramics
were all fabricated by sintering the compacted green
body in H2 atmosphere.
Usually, the post-annealing process is necessary for
vacuum sintering of most transparent ceramics. After
sintering in vacuum, oxygen vacancies would generate
as the vacuum atmosphere is a kind of anoxic
environment. As the oxygen vacancies can produce
strong light absorption through the formation of color
centers, which would lead to the coloration of the
ceramics. The post-annealing process could supply oxygen
from air and eliminate the coloration of the ceramics,
so as to obtain higher transparency [53,54,56].
For this sintering method, the usual average grain
sizes of single phase transparent ceramics were about
several micrometers to tens of micrometers, and were
relatively larger than other methods in which pressure
is used, while the grain size would decrease when two
phases coexisted in the transparent ceramics, like in
La2–xLuxZr2O7 system ceramics [49]. When x ranged
from 0.6 to 1.2, pyrochlore and defective fluorite phases
coexisted and the average grain sizes were only 2–5 μm.
4. 2

Spark plasma sintering

Spark plasma sintering (SPS) [88] is a method for
obtaining fully dense and fine-grained transparent
ceramics at low temperatures within short time
durations. It is also known as field-assisted sintering or
pulsed electric current sintering. SPS has been used to
fabricate transparent ceramics because of its characteristic
fast densification without significant grain growth. By
controlling the sintering parameters, such as temperature,
heating rate, pressure, dwell time, and atmosphere,
highly transparent ceramics can be produced [91].
In 2011, An et al. [45,50] fabricated La2Zr2O7 and
Lu2Ti2O7 transparent ceramics by reactive spark
plasma sintering. The sintering temperature was as low
as 1400 and 1500 ℃ respectively, with a pressure of
100 MPa and short holding time (45 min). However,
the transmittance of the ceramics in the visible range
was relatively low. As a graphite die was used in SPS,

carbon contaminant was introduced and lowered the
optical quality.
4. 3

Hot isostatic pressing sintering

For some transparent ceramics, simple vacuum sintering
or pressureless sintering cannot produce high density,
thus high external force is needed, like high pressure.
Hot isostatic pressing (HIP) sintering becomes a good
choice. HIP [88] is a manufacturing process used to
achieve the maximum possible densification, which is
a key to reach high light transmittance for transparent
ceramics. To reduce the fabrication cost, HIP is usually
used as the last step followed by vacuum sintering or
pressureless sintering. It has been widely used to
synthesize transparent armor ceramics, such as submicron grained alumina (Al2O3) [92] and spinel
(MgAl2O4) [93]. Nowadays, HIP process was also used
to prepare cubic sesquioxide ceramics, including Y2O3
[94], Sc2O3 [95], and Lu2O3 [11]. In these cases,
vacuum sintering was first used to remove closed
porosity, and then a subsequent HIP step was employed.
HIP process can be also combined with hot pressing
(HP). HP followed by HIP was proved to be more
feasible to fabricate transparent MgAl2O4 ceramics.
As a high-cost sintering method, HIP sintering is not
widely used in fabricating A2B2O7 transparent ceramics.
In Schott Company’s US patent [96], solid state
reactive sintering of Y2Ti2O7 was carried out by
vacuum sintering in hydrogen or helium at 1500 ℃
for 3 h and then HIP at 1700 ℃ for 1 h–Ar–200 MPa.
Afterwards, the ceramics were reoxidized in a further
thermal step (for example 900 ℃, 5 h, in air) and
optically transparent and homogeneous bodies were
obtained. Yb2Ti2O7 transparent ceramic was also
fabricated by similar process. In another US patent [74],
Gd2Hf2O7:Ce and other A2X2O7 transparent ceramic
scintillator bodies were sintered by two-step method.
For Gd2Hf2O7:Ce, the CIPed pellets were first sintered
in air at 1500–1600 ℃ for 3 h, and then HIPed at
1400–1600 ℃ for 1 h in argon at approximately 30 ksi.
To achieve high optical quality, the sintering technology
still needs to be adjusted and optimized.
4. 4

Low-temperature high-pressure process

Low-temperature high-pressure (LTHP) process is similar
to the HP process, but with higher pressure (in GPa
grade). This method can be successfully applied for
densification of nanocrystalline powders into transparent
ceramics and is competitive to restrain the small grain
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size in the product. For example, nanocrystalline
MgAl2O4 and YAG transparent ceramics [97,98] were
fabricated by this method. For MgAl2O4 nanocrystalline
transparent ceramic, the optimal sintering condition
has been determined to be around 620 ℃/3.7 GPa, and
the average grain size was only about 61 nm. For
Pr:YAG nanoceramic, the LTHP sintering condition
was 450 ℃/8 GPa for 1 min with a transmittance of
51% at 1250 nm. The average grain size was only
about 24 nm.
In 2014, Trojan-Piegza et al. [42] fabricated
La2Hf2O7:Pr transparent ceramic by LTHP sintering
technique using nanopowders made by Pechini method.
The CIPed pellets were sintered in a graphite die at a
pressure ranging in the 2–8 GPa at different temperatures
between 300 and 1500 ℃. And the time of sintering
varied from 1 to 20 min. Results showed that the
samples sintered at 1400 ℃ for 2 min and additionally
at 900 ℃ for another 10 min in one continuous run
were found to be of highest translucency. The average
Table 1
Compound
La2Hf2O7 [41,89]
Gd2Hf2O7 [89]
Y2Hf2O7 [86]
Y2Hf2O7 [87]

grain size of the samples was about 150 nm.
Though this method can obtain transparent
nanoceramics, the transparency was not as good as
transparent ceramics obtained by other sintering
methods. If higher mechanical properties of the ceramics
were required, this LTHP method is an option because
of its significantly effect of restraining grain size.

5

A2B2O7 system transparent ceramics with
different compositions

For A2B2O7 system transparent ceramics, the common
forming method was dry pressing and cold isostatic
pressing. Only a few researchers used the wet molding
technique, like slip casting [85]. After sintered by
different methods mentioned in the last part, A2B2O7
system transparent ceramics were obtained. Fabrication
method and properties of the reported A2B2O7 system
transparent ceramics are summarized in Table 1. In this

Fabrication method and properties of the reported A2B2O7 system transparent ceramics

Powder synthesis
method

Sintering method

Pressureless
sintering in H2
Pressureless
Combustion method
sintering in H2
Combustion method Vacuum sintering
Solid state reactive
Vacuum sintering
method
Combustion method

rA/rB

Crystal structure*

Density
(g/cm3)

1.63

P

7.93

> 70% (633 nm, 0.6 mm)

—

1.483

P

9.38

> 70% (633 nm, 0.6 mm)

—

1.435

F

7.54

> 50% (633 nm, 1 mm)

F

7.54

> 60% (633 nm, 1 mm)

1.435

Transmittance (%)

Refractive
index

—
2.018
(600 nm)
x = 1.2:2.04
(633 nm)
—
—
~2.05
(633 nm)

La2–xYxHf2O7 [90]

Solid state method

Vacuum sintering

1.435–1.63

LaGdHf2O7 [43]
La2Hf2O7:Pr [42]

Solid state method
Pechini method

Vacuum sintering
LTHP

1.56
—

x < 0.4: F;
x ≥ 0.4: P
P
P

1.483–1.63

P

1.46

P

6.93

1.61

P

6.057

68% (4–6 μm, 1 mm)

—

1.42

F

68% (633 nm, 1 mm)

—

1.54

P

> 60% (633 nm,1 mm)

—

P

La2–xGdxHf2O7 [44] Combustion method Vacuum sintering
Vacuum sintering +
HIP
SPS

Gd2Zr2O7 [99]
La2Zr2O7 [45]
Y2Zr2O7 [83]

Combustion method Vacuum sintering

Nd2Zr2O7 [46]

Combustion method

La2–xGdxZr2O7
[47,48]

Combustion method Vacuum sintering

1.46–1.61

La2–xLuxZr2O7 [49]

Solid state method

1.36–1.61

LaLuZr2O7 [84]

Combustion method Vacuum sintering

1.48

x < 0.4: F;
0.4≤x≤1.2:
P+F; x≥ 1.4: F
P+F

LaYZr2O7 [85]

Combustion method Vacuum sintering

1.51

Y2Ti2O7 [96]

Solid state method

Vacuum sintering +
HIP

Y2+xTi2O7+3x/2 [102] Solid state method
Lu2Ti2O7 [50]

Solid state method

Pressureless
sintering in H2

x = 1.2: 75.3% (633 nm,
7.54–7.93
1 mm)
8.37
74% (1100 nm, 1 mm)
7.74
~38% (900 nm, 1 mm)
x = 1.2: 76.1% (800 nm,
7.91–8.88
1 mm)
—

—

6.01–6.72

x = 0.4: 73.6% (1100 nm,
1 mm)

~2.08
(633 nm)

5.94–7.84

x = 1.2: 72.4% (1100 nm,
1 mm)

—

6.82

73.4% (1100 nm, 1 mm)

P

5.81

74.3% (633 nm, 1 mm)

1.68

P

5.03

—

—

Vacuum sintering

1.68

P

99.89%

x = 0.04: 49.9% (1100 nm,
0.5 mm)

SPS

1.61

P

99.7%

40% (550 nm, 1 mm)

2.20
(560 nm)
2.57
(633 nm)

Vacuum sintering

*

P = pyrochlore; F = defective fluorite.
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part, A2Hf2O7, A2ZrO7, and A2Ti2O7 three system
transparent ceramics were mainly introduced.
5. 1

A2Hf2O7 system transparent ceramics

The A2Hf2O7 system transparent ceramics were first
developed for the potential application as new
scintillators. In 2003, a bright and fast luminescence,
characterized by Ce3+ interconfiguration 5d→4f transition,
was observed in Ce-doped La2Hf2O7 compound (powders)
obtained by solid state reaction [100]. Then, Ce:La2Hf2O7
began to be paid much attention as a new heavy and
fast scintillator. As the growth of large size La2Hf2O7
single crystal was very difficult due to its high melting
point, Ji et al. [41,89] successfully fabricated La2Hf2O7
and Gd2Hf2O7 transparent ceramics for the first time in
2005 (Fig. 4 and Fig. 5). The powders were synthesized
by combustion method and the transparent ceramics
were obtained by sintering at 1850 ℃ in H2 atmosphere.
However, fast decay derived from 5d→4f transition of
Ce3+ was not observed, and many studies were carried
out and got the same results, which was not consistent
with Borisevich et al.’s research in 2003 [100]. Chaudhry
et al. [57] proposed an idea in 2011 that Ce-doped
RE2M2O7 (RE = Y, La; M = Ti, Zr, Hf) were a class of
non-scintillators. Basing on the first-principle, they
performed electronic structure calculation of these
compounds, and found that the Ce 5d state lies above
the CBM (conduction band minimum) (Fig. 6), which
would prevent any luminescence from the Ce site.
These studies made the enthusiasm on research of this
kind of transparent ceramics gradually decreased,
especially on the fast decay scintillation applications
with Ce3+ doping. The luminescence of Tb3+ in the
A-site and Ti4+ in the Hf4+ site for La2Hf2O7 ceramic
was reported in 1984 [101], and the emission of
La2Hf1.98Ti0.02O7 had an intensity of about 1.6 times
that of PAR CaWO4, which would be of interest as an
X-ray intensifying screen phosphor. Thus, Ji et al.
fabricated La2Hf2O7:Tb [51] and La2Hf2O7:Ti [52]
transparent ceramics. The luminescence properties of
these transparent ceramics were also studied. For
La2Hf2O7:Ti transparent ceramic, the broad emission
band centered at 475 nm originated from the oxide-Ti4+
charge-transfer transitions, which rendered fast decay
time on the order of 10 μs. It was comparable to that of
Gd2O2S:Pr ceramic scintillator (3 μs) and much faster
than that of (Y,Gd)2O3:Eu ceramic scintillator (1000
μs). The highest relative light output reached about 1.5
times that of Bi4Ge3O12 (BGO) single crystal when

Fig. 4 Photograph of Ln2Hf2O7 (Ln = La, Gd) ceramics
sintered at 1850 ℃ for 6 h. Reproduced with permission
from Ref. [89], © Chinese Academy of Sciences 2006.

Fig. 5 Transmittance of Ln2Hf2O7 (Ln = La, Gd)
transparent ceramics sintered at 1850 ℃ for 6 h.
Reproduced with permission from Ref. [89], © Chinese
Academy of Sciences 2006.

Fig. 6 Simple schematic model to illustrate the scenario
for no Ce3+ luminescence: lowest Ce 5d inside the host
conduction band. Reproduced with permission from Ref.
[57], © American Institute of Physics 2011.

excited by 120 kV X-rays. Thus, La2Hf2O7:Ti transparent
ceramic is very promising as scintillator materials for
X-ray CT detector applications, while some other
properties such as afterglow and radiation damage are
also crucial for the X-ray CT imaging, but they were
not studied further.
In 2011, Zou et al. [86] prepared Y2Hf2O7 transparent
ceramic by vacuum sintering. The Y2Hf2O7 powders
were synthesized by combustion method with EDTA as
the fuel. The ceramic showed a transmittance of 50%
(1 mm thick) in the visible spectral region. Further,
Zhou et al. [87] optimized this process and the
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Fig. 7 Photograph of the mirror-polished Y2Hf2O7
transparent ceramics (1 mm thick) sintered at 1900 ℃
for 6 h (left) and 12 h (right), respectively. Reproduced
with permission from Ref. [87], © Elsevier B.V. 2012.

transmittance of the Y2Hf2O7 ceramic (Fig. 7) was
improved to 60% (1 mm thick) in the visible spectra
region (Fig. 8). With the refractive index 2.018, the
calculated theoretical transmittance was about 78.5%.
That is, the prepared Y2Hf2O7 transparent ceramic
reached 76% of the theoretical transmittance.
A2Hf2O7 transparent ceramics with two elements in
A site were also studied. In 2011, La2–xYxHf2O7 system
transparent ceramics (Fig. 9) were fabricated [90] by
solid state reaction sintering in vacuum at 1900 ℃,
and phase transition (Fig. 10) occurred with the increase

Fig. 8 Transmittance of the mirror-polished Y2Hf2O7
transparent ceramics (1 mm thick). Reproduced with
permission from Ref. [87], © Elsevier B.V. 2012.

Fig. 9 Photograph of La2–xYxHf2O7 ceramics (x = 0–1.6)
(polished, 1 mm thick). Reproduced with permission from
Ref. [90], © Chinese Academy of Sciences 2011.

Fig. 10 XRD patterns of La2–xYxHf2O7 ceramics (x = 0–
1.6) sintered at 1900 ℃ for 6 h. Reproduced with permission
from Ref. [90], © Chinese Academy of Sciences 2011.

of x. When x < 0.4, defective fluorite structure was
presented, while pyrochlore structure showed up when
x ≥ 0.4. It was consistent with Subramanian et al.’s
theory [55]. Meanwhile, Yi et al. [43] reported
LaGdHf2O7 transparent ceramic, which was prepared
by solid state method and vacuum sintering at 1900 ℃.
The transmittance reached to 74% at 1100 nm.
Combined with the high density and effective atomic
number, La2–xYxHf2O7 and LaGdHf2O7 transparent
ceramics were considered as promising candidates for
scintillator host. However, the sintering temperature
was so high that the energy consumption and equipment
loss were large. Therefore, it is imperative to develop
new methods to reduce the sintering temperature. In
2014, Trojan-Piegza et al. [42] fabricated La2Hf2O7:Pr
transparent ceramic by a new low-temperature highpressure (LTHP) sintering method. The sintering
temperature was as low as 1400 ℃, the holding time
was 2 min, and the transmittance was very low (Fig.
11). Moreover, after annealing in air at 900 ℃ for 5 h,
which was required to remove the dark color, the
opacity enhanced unfortunately. The expected 5d–4f
transition of Pr3+ was not detected and only 4f–4f
transition was presented, indicating that fast decay also
would not happen in La2Hf2O7:Pr scintillator. In 2016,
Wang et al. [44] reported the La2–xGdxHf2O7 system
transparent ceramics (Fig. 12). They were fabricated
through vacuum sintering from nanopowders synthesized
by combustion method. All the ceramics were
transparent after being sintered at 1830 ℃ for 6 h,
and the sintering temperature was lower than that of Yi
et al.’s [43] work, indicating that powders synthesized
by combustion method have higher sintering activity
and can effectively lower the sintering temperature.
The highest in-line transmittance was 76.1% at 800 nm
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lattice parameters decreased linearly. With high density
and high effective atomic number, the La2–xGdxHf2O7
(x = 0–2.0) transparent ceramics are promising
candidates for scintillator hosts.
5. 2

Fig. 11 Transmittance of La2Hf2O7:Pr ceramics before
and after annealing (~1 mm thick; inset: their photos).
Reproduced with permission from Ref. [42], © John
Wiley and Sons 2014.

Fig. 12
Photograph of La2–xGdxHf2O7 transparent
ceramics vacuum sintered at 1830 ℃ for 6 h and
annealed at 1500 ℃ for 5 h in air (1 mm thick).
Reproduced with permission from Ref. [44], © Elsevier
B.V. 2015.

(x =1.2). The thermally etched surface and fracture
surface of the ceramics were shown in Fig. 13 and Fig.
14. Typically, the grain size sintered in vacuum was in
micron scale and the main fracture mode was
transgranular. As Gd content increased, the density of
the ceramics linearly increased from 7.91 g/cm3 (x = 0)
to 8.88 g/cm3 (x = 2.0). Meanwhile, the corresponding

A2Zr2O7 system transparent ceramics

In 2008, Murata Manufacturing Co., Ltd. reported in a
US patent [60] that a series of AxByOw translucent
ceramics were fabricated by sintering in 98 vol% oxygen
atmosphere. In their experimental examples, La2Zr2O7,
Y2Zr2O7, Gd2Zr2O7, and La1.6Y0.4Zr2O7, La1.2Y0.8Zr2O7,
La1.6Gd0.4Zr2O7, La1.2Gd0.8Zr2O7, La1.6Yb0.4Zr2O7,
La1.6Lu0.4Zr2O7, La2Zr1.6Sn0.4O7, etc. were presented.
The sintered ceramics had low linear transmittance at
633 nm with a thickness of 0.4 mm. As they have
higher refractive indices than conventional glass and
plastics, they might be used in optical devices. In 2008,
The Schott Company also applied a US patent [99], in
which A2+xByDzE7 series transparent ceramics were
reported, like Gd2Zr2O7 and Gd2(Hf, Zr)2O7. The samples
were firstly vacuum sintered at 1300 ℃ for 10 h with
10-5–10-6 mbar vacuum degree, then HIPed at 1500 ℃
for 10 h with a pressure of 200 MPa. In the patent,
other zirconates like La2Zr2O7, Y2Zr2O7, and Yb2Zr2O7,
etc., were also mentioned, but no detailed fabrication
information was given.
In 2011, An et al. [45] fabricated La2Zr2O7 transparent
ceramic by reactive spark plasma sintering. The
sintered body exhibited a pyrochlore structure and a
uniform microstructure with the average grain size of
1.5 µm. The transmittance (Fig. 15) increased with
increasing wavelength and reached 68% at 4–6 μm,

Fig. 13 Thermally etched surfaces of La2–xGdxHf2O7 transparent ceramics: (a) x = 0; (b) x = 0.4; (c) x = 0.8; (d) x = 1.2; (e) x =
1.6; and (f) x = 2.0. Reproduced with permission from Ref. [44], © Elsevier B.V. 2015.
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Fig. 14 Fracture surfaces of La2–xGdxHf2O7 transparent ceramics: (a) x = 0; (b) x = 0.4; (c) x = 0.8; (d) x = 1.2; (e) x = 1.6; and
(f) x = 2.0. Reproduced with permission from Ref. [44], © Elsevier B.V. 2015.

Fig. 15 Transmittance of La2Zr2O7 transparent ceramic
sintered at 1400 ℃ for 45 min (1 mm thick). Reproduced
with permission from Ref. [44], © Trans Tech Publications,
Switzerland 2011.

while the absorption edge in the infrared range was 8.5
μm. However, the transmittance in the visible range
was relatively low. Zou et al. [83] fabricated Y2Zr2O7
transparent ceramic by vacuum sintering at 1850 ℃
for 6 h from combustion-synthesized powders. The
as-burnt Y2Zr2O7 powders calcined at 1200 ℃
exhibited a defect fluorite structure and a porous
morphology. The powders after being ball milled for
20 h can be sintered into transparent ceramics. The
resultant ceramics show a pore-free microstructure and
an in-line transmittance of 68% in the visible spectral
region. On the other hand, Feng et al. [46] fabricated
transparent Nd2Zr2O7 ceramics by sintering in H2
atmosphere at 1800 ℃ for 6–12 h using Nd2Zr2O7
nanoparticles synthesized by combustion method.
Emission at 1054.5 nm has been demonstrated using a

laser diode pump at 800 nm, and the decay time is 460
µs, making Nd2Zr2O7 transparent ceramic an excellent
candidate for efficient high-power microchip lasers.
In 2013, Wang et al. [47,48] reported La2–xGdxZr2O7
transparent ceramics. La2–xGdxZr2O7 nanometric powders
were synthesized by combustion method with glycine
as the fuel. Then vacuum sintering was carried out to
obtain the final transparent ceramics. With the increase
of Gd3+ content, all the ceramics kept cubic pyrochlore
structure, but the X-ray diffraction peaks shifted to
higher angle as the lattice parameters became smaller.
All the ceramics are transparent with high in-line
transmittance and high refractive index (2.08 @ 632.8
nm, x = 0.4–1.6), indicating that La 2–x Gd x Zr 2 O 7
ceramics might be used as optical lens. Moreover, with
the increase of Gd3+ content, the effective atomic
number and density of the ceramics increased, making
them promising host candidates for scintillators. Then
Eu3+ was chosen as the activator to study the luminescence
properties of La2–xGdxZr2O7:Eu3+ transparent ceramics
(Fig. 16) [53]. They found that the cubic pyrochlore
structure was not changed with the doping of 3 at%
Eu3+, while the cut-off edge of the transmittance curves
and the luminescence behavior of the ceramics were
affected by the annealing process as well as the Gd
content. The cut-off edge shifted to opposite direction
for the annealed and unannealed ceramics (Fig. 17). In
addition, the luminescence intensity became stronger
for the ceramics annealed in air. The doping of Gd3+
into La3+ site can change the energy band structure and
the luminescence behavior was also adjusted. For
ceramics annealed in air, the strongest luminescence
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Fig. 16 Photograph of La1.94–xGdxZr2O7:3at%Eu3+ (x =
0–2.0) transparent ceramics before (above) and after
(below) annealing. Reproduced with permission from Ref.
[53], © John Wiley and Sons 2015.

ceramics (Fig. 18) by solid state reactive sintering in
vacuum. Surprisingly, with the increase of Lu content
(x), phase transition from pyrochlore to defective
fluorite occurred and a two-phase region existed in the
range of x = 0.6–1.2 (Fig. 19). Grain sizes of the
pyrochlore phase dominated samples (x < 0.5) were
11–14 μm, and that of the defective fluorite phase
dominated samples were larger than 60 μm. However,
grain sizes of the samples in the two-phase region were
smaller than 3 μm (Fig. 20). The La0.8Lu1.2Zr2O7
ceramic with the smallest grain size (~2.5 μm) reached
a highest in-line transmittance of 72.4% at 1100 nm
among all the samples. According to Rayleigh–Gans–
Debye scattering theory, when the refractive indices of
the coexisting two phases are close to each other and
the average grain size is smaller than 10 μm, the two
phases have little influence on transparency of the
ceramics.
5. 3

A2Ti2O7 system transparent ceramics

Until now, research on A2Ti2O7 transparent ceramics
was not much, and the potential application is focused
on optoceramics and imaging optics (optical elements).

Fig. 17 Transmittance of La1.94–xGdxZr2O7:3at%Eu3+
(x = 0–2.0) transparent ceramics (a) before and (b) after
annealing. Reproduced with permission from Ref. [53], ©
John Wiley and Sons 2015.

peaks changed from 585 to around 630 nm due to the
reduction of the crystal symmetry.
Further, LaYZr2O7 and La2–xLuxZr2O7 transparent
ceramics were prepared. Yi et al. [85] used slip casting
to obtain the LaYZr2O7 green body and got LaYZr2O7
transparent ceramic by vacuum sintering at 1800 ℃
for 6 h. The obtained transparent ceramic has high
transparency with a transmittance of 76.5% at 1100 nm,
which was very close to the theoretical value (77.2%).
Wang et al. [49] prepared La2–xLuxZr2O7 transparent

Fig. 18 Photograph of La2–xLuxZr2O7 (x = 0–2.0) ceramics
sintered at 1830 ℃ for 6 h in vacuum and annealed at
1500 ℃ for 5 h (1 mm thick). Reproduced with
permission from Ref. [49], © Elsevier Ltd. 2014.

Fig. 19 XRD patterns of La2–xLuxZr2O7 (x = 0–2.0)
ceramics. Reproduced with permission from Ref. [49], ©
Elsevier Ltd. 2014.
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Fig. 20 Backscattered electron images of thermal-etched
surfaces of La2–xLuxZr2O7 ceramics: (a) x = 0.6, (b) x =
0.8, (c) x = 1.0, and (d) x = 1.2. Reproduced with
permission from Ref. [49], © Elsevier Ltd. 2014.

As the melting temperature of A2Ti2O7 compounds was
lower than that of A2Hf2O7 and A2Zr2O7, the fabrication
of A2Ti2O7 transparent ceramics is expected to be
easier with lower sintering temperature.
In 2008, The Schott Company applied a US patent
[96] and reported Y2Ti2O7, Yb2Ti2O7, Lu2Ti2O7, and
Gd2Ti2O7 transparent ceramics. However, the optical
properties of these transparent ceramics were not given.
Then in 2011, An et al. [50] prepared Lu2Ti2O7
transparent ceramic by spark plasma sintering. The
sintered body exhibited 72% transmittance at a
wavelength of 2000 nm and 40% transmittance at 550
nm (Fig. 21). The average grain size was 14.5 μm with
uniform microstructure. With cubic pyrochlore structure
and high refractive index (2.57 at 632.8 nm), Lu2Ti2O7
transparent ceramic is particularly suitable for application
in an optical imaging system. Further work on
improving the optical quality is needed. Moreover,
other A2Ti2O7 system transparent ceramics would be
developed to enrich the application fields. Recently,
Wang et al. [102] found that the addition of excess Y
can improve the transparency of Y2Ti2O7 transparent
ceramics fabricated by solid state reactive sintering in
vacuum. When the excess amount of Y to Ti is 2%, the
highest in-line transmittance reached to 49.9% at 1100
nm (Fig. 22). In their newly unpublished work, the
transparency of Y2Ti2O7 transparent ceramic was
greatly improved to 72.9% (0.5 mm thick) at 1100 nm
by using powders synthesized by co-precipitation
method.

Fig. 21 Transmittance and photograph of Lu2Ti2O7
transparent ceramic (0.8 mm thick). Reproduced with
permission from Ref. [50], © Elsevier Ltd. 2010.

Fig. 22 Transmittance of Y2+xTi2O7+3x/2 ceramics vacuum
sintered at 1600 ℃ for 6 h and annealed at 1000 ℃ for
6 h (0.5 mm thick). Reproduced with permission from Ref.
[102], © Elsevier Ltd. 2018.

6

Potential applications

As a new series of transparent ceramics, A2B2O7
system transparent ceramics are promising in fields
such as lasers, camera lens, bulletproof windows or
missile radome, and scintillators. However, there are
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no practical applications up to now because the studies
of A2B2O7 system transparent ceramics are still in
experimental stage.
The most potential application is scintillator, as most
of the A2B2O7 transparent ceramics have high density
and high effective atomic number, which would gain
high X-ray or γ-ray stopping power. The density
increased in the order of A2Ti2O7, A2Zr2O7, and
A2Hf2O7, and thus the A2Hf2O7 system transparent
ceramics doping with proper rare earth ions are
promising as a new series of transparent ceramic
scintillators. However, the luminescence properties
reported up to now were not attractive. On one hand,
the luminescence intensity was not as high as the usual
transparent ceramic scintillators. On the other hand,
fast decay of Ce3+ and Pr3+ luminescence was not
detected as expected in these ceramics. Chaudhry et al.
[57] also came up with the idea that the Ce 5d state lies
above the CBM (conduction band minimum), which
would prevent any luminescence from the Ce site. In
the study of La2Hf2O7:Pr nanoceramics [42], no 5d→
4f photoluminescence emission was observed, which
was also explained that the lowest 5d level of Pr3+ was
positioned within the conduction band of the host
lattice. Only Pr3+ 4f→4f emission was observed means
this type of transparent ceramic is promising to be used
in X-ray excited scintillators.
Wang [56] studied the transmittance of La2–xGdxZr2O7
and La2–xGdxHf2O7 transparent ceramics in IR region,
finding that the cut-off edges of the transmittance curve
of these transparent ceramics were all larger than 8 μm.
Compared with the IR cut-off edge of traditional
transparent ceramics (AlON: ~5.55 μm; YAG: ~6.2 μm;
Y2O3: ~9.4 μm; MgAl2O4: ~6.5 μm), these two system
transparent ceramics have relatively wider IR
transmission range, thus they may be new candidates
for IR windows. The tested flexural strength and
Vickers hardness of LaGdZr2O7 transparent ceramics
were about 194 MPa and 10 GPa, which are higher
than those of Y2O3 transparent ceramic. Except for
excellent infrared optical properties, mechanical and
thermal properties are also essential for IR window use,
so further studies are needed.
In recent years, the increasing requirements from
both sophisticated industrial as well as consumer mass
markets have asked for optical transparent materials
with extraordinary property combinations. For example,
the continuous trend to miniaturization of digital
photographic devices like digital cameras requires

optical materials with very high refractive indices up to
2.0 or even higher, whereas industrial devices like
optical microscopes require materials with special
dispersion characteristics [6]. A2B2O7 system transparent
ceramics can be used as optical lens as they have high
refractive index (higher than 2). The refractive index of
Y2Hf2O7, La2–xGdxZr2O7, and Lu2Ti2O7 was 2.018,
2.08, and 2.57, respectively. In 2012, Kintaka et al.
[103] reported the optical properties of La2Zr2O7
transparent ceramic and its abnormal partial dispersion
when performed for optical use. The origin of the
abnormal partial dispersion was investigated by
measuring the vacuum ultraviolet reflectance and
infrared absorption and by performing first-principle
calculations. As the A2Ti2O7 system have the highest
refractive index among the A2B2O7 system, more
attentions would be paid on high refractive index
optical elements applications of this kind of transparent
ceramics.
In 2005, Gentleman and Clarke [104] found that
Eu3+doping into Gd2Zr2O7 can give rise to strong
luminescence as well as characteristic temperaturedependent luminescence lifetime at high temperatures.
So they proposed the Eu3+-doped materials could be
employed in a number of different configurations for
temperature sensing in thermal barrier coating systems.
Recently, the luminescence properties of Pr3+-doped
La0.4Gd1.6Zr2O7 transparent ceramics were studied and
continuous change in intensity ratio between the
emission around 610 nm and the other bands (our
unpublished data). Such an effect is appreciated in
temperature sensing by changes in luminescence. Thus,
A2B2O7 system transparent ceramics with rare-earth
ion doping could be new candidates as non-contact
temperature sensors, and further study is in progress.

7

Conclusions and summary

Since the first fabrication of La2Hf2O7 and Gd2Hf2O7
transparent ceramics appeared in 2005, A2B2O7 system
transparent ceramics such as A2Hf2O7, A2Zr2O7, and
A2Ti2O7 have been developed for scintillator hosts as
most of them have high density and effective atomic
number, which would gain higher X-ray or γ-ray
stopping power. In this review, the structure characteristic,
powder synthesis method, ceramic sintering method,
the reported A2Hf2O7, A2Zr2O7, and A2Ti2O7 system
transparent ceramics, and the potential applications of
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A2B2O7 system transparent ceramics were systematically
summarized. In the near future, the applications on
scintillators and optical elements would be focused
continually, and newly developed applications such as
temperature sensor, possible IR window, and optical
lens would be further studied. The A2Hf2O7 system
transparent ceramics would be paid more attention on
scintillator applications for their high density and high
effective number. As the raw material prices of
A2Zr2O7 system transparent ceramics are relatively low,
the researches on luminescence properties and the
corresponding further application would be the key
point. The A2Ti2O7 system transparent ceramics tend to
be used as optical elements for their higher refractive
indices. Further studies are needed, including the
fabrication of A2Ti2O7 system transparent ceramics
with optimized properties, including various refractive
indices, Abbe numbers, and partial dispersions as well
as high transmission and high property homogeneity.
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